l\..TURSING home admission rates are high, and stays are 1~long and costly for persons with Alzheimer's disease (AD) and related disorders (1, 2) . Still, studies focusing on time to, or risk factors for, nursing home admission (NHA) for these persons are infrequent when compared to the more general nursing home (NH) utilization research. Additionally, no known studies have focused on NHA for African Americans with AD and related disorders.
In survival analysis studies of community-based persons with AD and related disorders (whose access to the health care system for evaluation of dementia symptomatology was proximal to study entry), 5-year cumulative NHA rates ranged from 62.8% (3) to 75% (4) , and median times to NHA ranged from 2.5 years (5) to 3.1 years (6) . A lack of adequate racial diversity was a limitation of these studies, with all or most of the subjects being non-Latino whites.
Studies focusing on non-Latino whites with AD and related disorders have found patient illness/need variables most consistently associated with NHA. In particular, dementia rating scales have been shown to be independently associated with NHA (5, 7) , with the Clinical Dementia Rating scale (CDR) the most consistent (3, (5) (6) (7) (8) . Studies also report the Mini-Mental State Exam (MMSE) score (3, 6, 7) and behavior disturbances and psychiatric symptomatology (9, 10) to be important risk factors for NHA. Although limitations in activities of daily living (ADLs) and in instrumental activities of daily living (lADLs) have been associated with increased risk of NHA (6, 7, 11) , these findings are less consistent (9, 12) . Variables reflecting caregiver burden/need and psychological distress are also important risk factors for NHA (8, 9, 12) .
Contrary to the more general nursing home utilization research, being older and unmarried were independent risk factors for NHA in only a small percentage of the NHA studies on persons with AD and related disorders (5, 6, 10) . The lack of association for being unmarried, however, may be a result of study designs that resulted in rather homogeneous samples [i.e., sampling from groups of patients/caregivers; (9, 11) ].
In the more general NH literature, research on the effects of race on NHA has consistently shown that being white is an independent predictor ofNHA (13) (14) (15) . In a prospective followup study, AfricanAmericans, even after adjustment for income, social support, and physical/and cognitive impairment, were half as likely as whites to enter a nursing home (16) . Furthermore, recent research suggests that formal in-home community care does not fully compensate for the lower NH utilization seen in African Americans (15) .
To our knowledge, our study is the first to examine time to, and risk factors for, NHA for AfricanAmericans with Alzheimer's disease. We use survival analysis methodology here to examine time to NHA. In studying risk factors for NHA, we update the variable values with the most recent follow-up information. This methodology results in identification of risk factors most proximal to the event of NHA, which is important in understanding when, in the trajectoryof the illness, institutionalization is more likely.
METHODS

The Sample Studied
The (17) . A more in-depth discussion of the CERAD project can be found elsewhere (18) .
The race of CERAD cases was self-identified. There were initially 151 non-Latino African American cases from 19 CERAD sites to be studied. Twenty-five of the 151 cases (17%) had no follow-up data available after study entry, and thus were excluded from this study (n=126). When compared to those cases remaining in the study, excluded cases had less impairment per the Blessed Dementia Rating Scale (p < .05) and the BlessedADL subscore (p <.05; variable descriptions follow). No other important differences were evident between the sample of 126 and 151.
For most baseline variables of interest, less than 3% of the cases were missing values. For these variables, cases with missing baseline values were excluded from analyses (n=4, 3%), and the effective sample size became 122. Imputation of missing follow-up variable values will bediscussed.
IndependentVariabks
Sociodemographic variables included patient age, gender, education (in years), and marital status. The marital status categories of widowed, separated/divorced, and never married were combined into an unmarried category. Perceived illness/need variables were obtained from a CERAD-modified Blessed Dementia Rating Scale (19) . For this scale, the informant provided the information based on the subject's cognitive ability in the preceding 6 months. Variables derived from scale data included: (a) a continuous variable representing the total Blessed Dementia Rating Scale score (scoring range 0-17); (b) a continuous variable representing the memory and IADLs (scoring range 0-8); and (c) a continuous variable representing the ADLs (scoring range 0-9). For the eight memory and IADL items, the rating scale was 0 for no impairment, 0.5 for some impairment, and 1 for severe impairment. For the ADL subscore, impairments in eating, dressing, or toileting were rated from 0 (no assistance required) to 3 (total dependence).
Symptom and disease status variables included diastolic and systolic blood pressure readings, depression, and the presence of (and history of at baseline) heart disease, stroke, epilepsy, thyroid problems, Parkinson's disease, cancer, or other physical condition. A global physical and neurological evaluation (i.e., a clinical assessment of normal or abnormal) was also available at baseline and at follow-up.
The dementia stage was represented via a global score using CDR (20) . The CDR stage was based on a clinician's rating of the categories of memory, orientation, judgment and problem solving, community affairs, home and hobbies, and personal care. Stages range from 0 (no dementia) to 5 (terminal dementia). To study the influence of, and to control for, cognitive impairment a revised MMSE (scoring range 0-30) was used (21) .
Because geographic region is believed to influence NHA (22), we controlled for geographic region of residence. Cases resided in eight of nine U.S. census regions. No subjects resided in the Mountain region.
The Dependent Variable
The dependent variable is time to NHA. Survival time was counted from the date of entry into the CERAD study to NHA and, as in similar studies (3-7), this time was believed to beproximal to entry into the health care system for evaluation of AD symptomatology. Based on evidence in the literature that NHAs for persons with cognitive impairment are permanent (13), the study endpoint was reached when a subject entered a nursing home for the first time. Right censoring occurred when a patient died or was lost to follow-up. Loss to follow-up occurred when there was no follow-up evaluation,death, or NHA for a 24-month period following date of study entry or last yearly follow-up.
Analytical Approach
Using baseline values, descriptive analyses were conducted. The method of Kaplan and Meier (23) was used to generate survival and hazard distribution curves and probabilities.
A Cox Proportional Hazards model using baseline and follow-up variable values (i.e., an updated or time-dependent Cox model) was used for univariate and multivariate analyses. The updated model's estimation of regression coefficients represents the effect of baseline and of subsequent values (24) .
To accomplish the updated modeling, cases were assigned the baseline value upon study entry and the follow-up value for each subsequent year they remained in the community. As recommended by Altman and De Stavola (24), any missing follow-up values were replaced. For continuous variables determined to have strong, consistent linear trends, imputation was performed for a missing follow-up value by averaging, when available, the prior and subsequent year's values. Only four variables fell into this category-(a) the total Blessed Dementia Rating Scale, its subscores representing (b) memory and IADLs and (c) ADLs, and (d) the MMSE. For all other variables, missing values were replaced by entering the previous variable value.
Continuous variables were tested for linearity. Assessment of the proportionality of the estimated relative risks of the predictor variables over time was performed. This assessment included an examination of log (-log) estimated survival curves, as well as tests for significance of interactions with survival time. The estimated relative risk of the marital status variable was found to be nonproportional over time, the estimated relative risk appearing to change at 3 years. Therefore, to present data for this variable's effect more accurately and clearly, two marital status variables were included in the univariate and multivariate models; one for the time interval of from-study-entry to 3 years, and the other for the interval of 3 to 8+ years (for those still at risk ofNHA at 3 years). The estimated relative risk was proportional within these time periods.
RESULTS
Descriptive statistics for sociodemographic characteristics and physical and cognitive functioning are shown in Table 1 . There was not a high degree of memory and IADL impairment at baseline, and 67 of the 122 cases (55%) required no ADL assistance at baseline.
During follow-up, 29 cases (23.7%) had a NHA, 26 cases (21.3%) died, 30 (24.6%) cases survived in the community to Adjusted to gender =female and clinical dementia rating =1. the end of the study period, and 37 cases (30.3%) were lost to follow-up (Table 2) . Table 2 shows the minimum lengths of time that the lost-to-follow-up cases contributed to study findings.
Baseline variable values were comparable between those cases lost and not lost to follow-up. Those who died were more often male (p =.019) and, at study entry, were more likely to have a history of heart disease (p =.013) and to have higher levels of impairment per the Blessed Dementia Rating Scale (p =.03) and the Blessed memory and IADL subscores (p =.046). Figure 1 shows the survival curve for NHA for all cases. Twenty-five percent of the cases were admitted to a nursing home by 3.4 years (95% confidence interval [Cl] 2.1,5.4). The adjusted survival curves by marital status, as shown in Figure 2 , reveal the significant effect of marital status on time to NHA. This difference was more statistically significant earlier in the survival period (p =.028 per Wilcoxon test and p =.115 per Log-Rank test). Twenty-five percent of unmarried persons were admitted to a nursing home by 2.3 years (95% CI 1.3, 5.4) whereas 25% of married persons were admitted at 4.6 years (95% CI 3.4, -). Table 3 displays those variables found, in univariate survival analysis, to be associated with time to NHA at p~.05. These variables were then included in beginning multivariate models. As previously discussed, the marital status variable was stratified by two separate time intervals. Whereas in the first 3 study years being unmarried resulted in an over three times shorter time to NHA (p =.02), at 3 years and later it was not significantly associated with time to NHA (data not shown). Of interest is that none of the symptom and disease status variables and the global physical or neurological evaluation ratings were significantly associated with time to NHA. 
TIme ToNursingHomeAdmission
Twenty-five percent of the African Americans with AD studied here were estimated to have been admitted to nursing homes by 3.4 years after study entry (95% CI 2.1, 5.4). Similar studies among whites with AD estimate that 50% have been admitted by this time (5, 6) . Although this comparison suggests that African Americans are residing in the community for longer periods of time than whites with AD and related disorders, a comparative study across these race groups is needed to conclude whether real differences exist.
Risk Factors for Nursing HomeAdmission
As in other studies (5, 6) , being unmarried was associated with a shorter time to NHA, a five times faster NHA in the first 3 study years. After the first 3 study years, however, this variable's importance diminished, possibly due to the small number of cases remaining in the study at 3 years (n=43) and the small number ofNHAs after 3 years (n=7).
The independent association seen here between a more advanced dementia stage, per the CDR, and a shorter time to NHA is comparable to findings in similar AD studies focusing on whites (3, 6, 13) . This finding supports the utility of the CDR in predicting NHA across race groups.
The MMSE was not independently associated with time to NHA. Although this finding is not consistent with other NH utilization studies on persons with AD (3, 6, 8) , it is consistent with work by Salive and associates (16) , who found the Short Portable Mental Status Questionnaire predictive of NHA for whites but not for African Americans.
ADL impairment was independently associated with a shorter time to NHA (p=.05) when substituted for the CDR in the final multivariate model. This finding provides support for the importance of ADL impairment as a predictor of NHA for African Americans with AD, especially in the absence of the CDR.
Limitations
As in most of the studies of NHA for persons with AD and related disorders, the African Americans studied here were referrals. Therefore, generalization of study findings is most likely affected by referral bias. For whites, referral bias has resulted in subjects being less frequently women, more highly educated, more commonly white-collar workers, more frequently married, more likely not to live alone, and less frequently institutionalized than AD incident cases (25) . Also, because of CERAD screening criteria, persons in this study, at study entry, had no serious physical illness, lower levels of cognitive impairment /dementia, and had an informant available. Because of these factors, findings presented here are likely not generalizable to the population of African Americans with AD residing in the community. The CERAD data, however, represent some of the best data now available on persons with probable or possible AD, and our findings provide an important first glimpse of NHA for non-Latino African Americans.
Differential lost to follow-up may have influenced the results seen here. Cases lost to follow-up prior to attainment of any follow-up information had less impairment (per Blessed Dementia Rating Scale) than those cases remaining in the study. This may have resulted in earlier NHA than would have been otherwise observed.
Even considering the above limitations, our study findings appear valid in that they are consistent with previous related research. By using survival analysis methodology, we were able to utilize available time and variable information even for those persons who died or were lost to follow-up. Additionally, for those cases with any follow-up information, there were no significant differences between cases lost and not lost to follow-up.
Conclusion
Our findings suggest that African Americans with AD spend a substantial period of time in the community prior to NHA, and this time is much longer for married persons. In addition to marital status, this study documents the importance of the CDR in predicting time to NHA for African Americans with AD and ofADL impairment in the absence of the CDR.
To gain a broader, more definitive understanding of the time to, and risk factors for, NHA for individuals with AD across racial/ethnic groups, comparative longitudinal research designs using expanded multivariate models (with community-level and caregiver-related variables) and probability sampling of a community-based cohort are needed. While a more definitive understanding is needed, findings here do raise a public health and clinical concern that African Americans with AD may be residing in the community with substantial unmet needs, and their caregivers may have potentially high levels of burden. Clinicians are advised to consider this possibility when caring for, and when counseling, these persons and their families on care alternatives.
